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Indian Standard 

METHODS FOR MEASUREMENT OF 
AIR POLLUTION 

PART XV MASS CONCENTRATION OF PARTICULATE 
MATTER IN THE ATMOSPHERE 

0. FOREWORD 

0.1 This Indian Standard (Part XV) was adopted by the Indian Standards 
Institution on 26 September 1974, after the draft finalized by the Air 
Pollution Sectional Committee had been approved by the Chemical 
Division Council. 

0.2 This method is based on ASTM D 1899-68 'Method of test for mass 
concentration of particulate matter in the atmosphere', issued by 
the American Society for Testing and Materials, Philadelphia (USA). 

0.3 In reporting the result of a test or analysis made in accordance with 
this standard, if the final value, observed or calculated, is to be rounded 
off, it shall be done in accordance with IS : 2-1960*. 



1. SCOPE 

1.1 This standard ( Part XV ) covers method for the continuous recording 
of the mass concentration of particulate matter of known characteristics 
in the atmosphere in the size range of about 0.05 to 40 urn in diameter. 
Measurement is based on the light-scattering property of microscopic 
size solid or liquid particles dispersed in a gaseous medium. The method 
is specifically used in special situations, such as performance evaluation 
or atmospheric sampling in special cases. It is used for determination of 
acid mist or fly ash. 

1.2 The maximum range of concentration measured by means of this 
method is equivalent to 1 to 100 000 |ig of particulate matter per cubic 
mono of air. Calibration within closer concentration limits will permit 
full-scale readings covering more narrow concentration ranges, thereby 
increasing the sensitivity of the test over the specific range being 
measured. The full range of concentration measurable by this method is 
equivalent to an estimated atmospheric visibility range from 1 500 km 
to 15 m. 



* Rules for rounding off numerical values (revised ). 
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1.3 The mass concentration is strictly proportional to the scattered light 
intensity only when the particle size, shape, etc, remain constant 
( see Note under 10.3 ). For information relative to meteorological and 
topographical factors affecting the application of this method, reference 
shall be made to IS : 5182 ( Part XIV )*. 

2. TERMINOLOGY 

2.1 For the purpose of this standard, the definitions given in IS : 4167- 
1966"]" and the following, shall apply. 

2.1.1 Mass Concentration of Particulate Matter — The mass of particulate 
matter per unit volume of gas expressed in micrograms per cubic metre. 

3. OUTLINE OF THE METHOD 

3.1 The mass concentration corresponding to a reading of the instru- 
ment depends on the type of particulate matter in the atmosphere. The 
atmosphere under test is screened to remove particles greater than 
approximately 40 urn in diameter. The screened air passes through a 
dark-field illuminated smoke chamber and then through a weighed filter 
to collect the particulate matter, and finally is expelled. The dark-held 
illumination is arranged so that only small-angle, forward-scattered light 
from the aerosol strikes a photomultiplier tube, and the current gene- 
rated is amplified, metered, and recorded. The particulate matter 
collected during the test period is weighed to obtain the average mass 
concentration corresponding to the average recorded reading. The 
calibration curve of the instrument is then used to obtain the variations 
of mass concentration of this particulate matter during the sampling 
period. The readings of different instruments are compared by 
standardization with a standard aerosol. 

4. APPARATUS 

4.1 Amplifier — A logarithmic amplifier, internally regulated, and for 
operation with a potentiometer-type recorder. The amplifier may be 
incorporated in a housing with a suitable meter that has a 1-mA full 
scale, graduated in five divisions, each division being further subdivided 
into ten increments. A zero adjustment control shall be provided to 
regulate a compensating voltage for balancing stray light. A sensitivity 
adjustment mechanism shall be provided to alter the range and compen- 
sate for changes in electrical sensitivity and lamp output. 



*Methols for measurement of air pollution: Part XIV Recommended practice for 
planning the sampling of the atmosphere ( under preparation). 
fGlossary of terms relating to air pollution. 
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4.2 Filter, Fibrous 

4.3 Filter, Molecular 

4.4 Flow Meters — dry gas meters of any type; one to measure air 
flow of 0.003 m 3 /min and one to measure air flow of 0.019 to 
0.025 m 3 /min. 

4.5 Pump — constant displacement vacuum pump capable of drawing 
0.022 to 0.028 m 3 of air through the smoke chamber per minute. 

4.6 Recorder — potentiometer-type recorder shunted with a resistor to 
provide the voltage drop appropriate to the recorder when used with the 
amplifier described in 4.1. 

4.7 Sampling Probe — a small funnel inserted in the free end of a 
suitable length of tubing, the other end of which shall be attached to 
the sample inlet of the smoke chamber. The length and material of the 
tubing shall be selected to avoid alteration of the aerosol. Materials 
such as some plastics, that may develop an electric charge, shall be 
avoided. Glass or stainlesss steel tubing is recommended. The funnel 
and tubing shall be of such size as to permit air intake by means of the 
pump described in 4.5 at the rate of 0.022 to 0.024 m 3 /min. In addition, 
the funnel mouth shall be covered with a fine screen, or other means, to 
exclude airborne particles of greater diameter than approximately 
40 urn. 

4.8 Smoke Chamber — a cylindrical chamber embodying the features 
illustrated in Fig. 1. The chamber shall contain a smoke tube through 
which the sample can pass without entering the body of the chamber, a 
light source, two condenser lenses fitted with a diaphragm stop to produce 
dark-field illumination, a series of optical calibration filters of known 
light transmission characteristics, a photomultiplier tube mounted in a 
suitable housing, a cooling mechanisan, and diaphragms to reduce stray 
light. 

4.9 Voltage Regulator — any standard-type voltage regulator com- 
patible with the light source in the smoke chamber described in 4.8. The 
regulator shall be capable of stabilizing the voltage of the electric 
current supplied to the light source. 

5. REAGENTS 

5.1 Dichlorodifluoromethane 

5.2 Di-2-ethylhexylphthalate 

5.3 Latex — spherical particles of rubber, gutta-percha, chicle, balata or 
polystyrene. 
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A = Stray light-limiting aperture 

B = Lamp 

C = Cone of light 

D = Diaphragm stop; produces conical shadow 

E = Optical calibration filters 

F = Test atmosphere inlet tube 

G = Outlet tube 

H = Sealed light source housing 

J = Lamp-cooling air ink; 

K = Rotatable flange 
L\ = Condenser lens 
L 2 = Condenser lens 
i 3 = Scattered-light collecting lens 
M = Stray-light-limiting diaphragm 

N = Sealed housing 
Pi = Photomultipher tube 
P2 = Photomultiplier tube housing 
W = Photomultiplier tube window; admits scattered light only 



FIG. 



1 OPTICAL SYSTEM CONSISTING OF SMOKE CHAMBER 
PHOTOMULTIPLIER TUBE 
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6. SAMPLING 

6.1 Sampling shall be carried outas prescribed in IS: 5182 ( Part XIV)*. 

6.2 The sampling shall be discontinued when the atmosphere under test 
gives a reading off-scale when using the full range. This applies parti- 
cularly to moderate or dense water fogs that would wet and damage the 
instrument. 

7. CALIBRATION 

7.1 Assemble the apparatus as shown in Fig. 1. 

7.2 Install a weighed molecular filter in a holder at the outlet end of the 
smoke tube, and two fibrous filters in the clean air intake of the smoke 
chamber. 

7.3 Turn on the power to the assembled apparatus, except that which 
operates the light source, and allow the apparatus to warm up in accord- 
ance with the characteristics of the specific apparatus being Used. 

7.4 Adjust the recorder (and meter if used) to zero position by means 
of the zero adjustment control. Close the tubing of the sampling probe, 
making certain that the clean air intake is open. With the instrument 
set to read scattered light, turn on the light source, note the stray light 
reading, and again adjust the recorder (and meter if used) to zero 
position. 

7.5 By means of the sensitivity adjustment mechanism provided for 
the specific apparatus being used, adjust the sensitivity to give a full-scale 
reading with the optical calibration filter in position, appropriate to the 
range desired. Recheck the zero reading. 

7.6 Insert the remaining optical calibration filters successively and plot a 
curve on 5 -decade semi-log paper showing the relationship of recorder 
(and meter if used) readings to optical filter transmissions. The scat- 
tered light intensity from any aerosol is directly proportional to the filter 
transmission at a specific reading. 

7.7 Check daily the calibration of the instrument, showing the relation- 
ship of recorder (and meter if used) reading to scattered light intensity. 

8. STANDARDIZATION 

8.1 Standardization of the instrument, providing a comparison of results 
obtained on different instruments, shall be made once a week ( or month ) 
as necessary, depending on the observed performance and reliability of 
the particular instrument The standardization may be made with 



*Methods for measurement of air pollution: Part XIV Recommended practice for 
planning the sampling of the atmosphere ( under preparation) . 
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dichlorodifluoromethane, di-2-ethylhexylphthalate, or latex. These or 
other stable materials may be used for standards as agreed Upon. 

8.2 Dichlorodifluoromethane gas, when passed through the instrument 
at standard temperature and pressure, provides the most readily available 
standard, but it gives only one reading near the lower end of the scale of 
the instrument. Adjust the instrument to read scattered light, disconnect 
the pump from the instrument, and close the tubing of the sampling 
probe. Connect the gas container to the clean air intake and blow gas 
through the instrument at 0.002 8 m 3 /min until a steady reading is obtain- 
ed on the recorder (or meter). Note the reading on the calibration 
curve. 

8.3 A standard aerosol will provide readings on any part of the scale 
depending on the particle size and concentration. Proceed as described 
in 9. 

NOTE — The standard aerosol generator should be controlled so that the mass 
concentration is constant, thus giving a constant reading on the recorder ( or meter ) 
during the standardization period. 

9. PROCEDURE 

9.1 Proceed in accordance with 7.2 to 7.5, both inclusive. 

9.2 Adjust the instrument to read scattered light and open the sampling 
probe. Introduce the atmosphere under test through the sampling probe 
at 0.0224 ± 0.0005 m 3 /min and simultaneously enter clean air through 
the clean air intake at 0.002 8 ± 0.0002 m 3 /min. 

NOTE — The flow rates of aerosol and clean air should be checked frequently and 
maintained at the above values. The flow rate of aerosol should never exceed the 
flow rate of clean air by more than tenfold in order to prevent the entrance of 
particles into the body of the chamber. 

9.3 Pass the atmosphere under test through the apparatus for a sufficient 
period of time to collect approximately 3 mg of particulate matter on 
the molecular filter. 

NOTE — The pressure drop across the molecular and fibrous filters may become 
excessive due to clogging The tendency to clog the filters varies with the 
concentration and type of particles collected. Under normal conditions the 
molecular filter should be replaced after 24 hours of operation, and the fibrous 
filters should be replaced after approximately 240 hours of operation. Failure to 
change filters at sufficiently frequent intervals may result in a change of flow rates 
or the escape of sample from the smoke tube, thus coating the wall and lenses of the 
smoke chamber with particulate matter which will increase the amount of stray 
light. 

9.4 Discontinue introduction of the atmosphere under test, remove the 
molecular filter, insert a weighed new one, and resume introduction of 
atmosphere under test. 

8 
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9.5 Weigh the filter containing the sample on an analytical balance 
under controlled humidity conditions. Note the exact mass of particulate 
matter collected and the sampling period of time. 

NOTE — The sample to be weighed should be taken preferably during a period of 
time when the concentration is comparatively high and constant in order to shorten 
the sampling time and reduce the variations in the recorded readings. The 
procedure should be repeated at such intervals as appear necessary from the nature 
and behaviour of the atmosphere under test and the accuracy desired. All parti- 
culate matter under test should be collected on a molecular filter for observation 
of its characteristics. The observations may readily be made under a microscope by 
making the filter transparent by impregnation with immersion oil according to usual 
practice. 

9.6 If the recorded readings are approximately constant during the 
sampling period, then any of the readings may be assumed to be 
representative of the average reading for the whole sampling interval. 
The corresponding filler transmission value may be read from calibration 
curve which relates instrument leadings to transmission values. If the 
recorded readings vary significantly, it is necessary to determine the 
average filter transmission value from a plot on linear coordinate paper 
of the filter transmission values corresponding to the recorded readings. 
This may be done by either of two ways, by a weighing technique 
or by the use of planimeter. In the weighing technique the area under 
the plotted curve is cut out and weighed. This weight is then compared 
with a reference standard consisting of known weight of a rectangle of a 
similar paper having the same time base and a given transmission value. 



10. CALCULATION 

10.1 Calculate the average mass concentration during the sampling 
period, as follows: 

A = (C x 1 000 )IFT 
where 

A — average mass in |ig of particulate matter per cubic metre 
of air during the sampling period, 

C — particulate matter in mg collected on the molecular filter, 

F — flow rate through the sampling probe in m 3 /min, and 

T = total sampling time in minutes. 

10.2 Calculate the average optical filter transmission during the sampling 
period, as follows: 

/-(A^/Afi)/, 

9 
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where 

/ = average optical filter transmission in percent for a given 
sampling interval, 

Mi = mass of paper cut out of plotted curve in g, 

M 2 = mass of reference paper standard in g, and 

I 2 = transmission value for reference standard. 

NOTE — The method involving the use of the planimeter will give values for the 
areas under both the plotted and reference curves. These areas take the place of 
the mattes in the above equation to determine an average filter transmission. 

10.3 Calculate the mass concentration of the atmosphere under test at 
any specific moment of time, as follows: 

a^AijT 

where 

a = mass concentration at any time in |ag/m 3 , 

A* = average mass concentration obtained in 10.1, 

i = optical filter transmission (from calibration curve) 
corresponding to recorded reading at that time, and 

/ • = average optical filter transmission obtained in 10.2. 

NOTE — This calculation is valid only if the particulate matter in the atmosphere 
at the selected moment of time is the same as it was during the sampling period, 
for the reason that the mass concentration is strictly proportional to the scattered 
light intensity only when the particle size, distribution, shape, refractive index, and 
colour of the particulate matter remain constant. 

11. REPORT 

11.1 The report shall include the following: 

a) Mass concentration of the particulate matter; 

b) Percentage of optical filter transmission; 

c) Hour and minute recorded at the beginning and the end of the 
sampling time (10.1 and 10.2), or the hour and minute data were 
recorded for the mass concentration determination (10.3); and 

d) Date of record. 
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